STENT CRIMPER 



BACKGROUND OF THE INVENTION 

Stents and stent delivery assemblies are utilized in a number of medical 
5 procedures and situations, and as such their structure and function are well known. A 
stent is a generally cylindrical prosthesis introduced via a catheter into a lumen of a body 
vessel in a configuration having a generally reduced diameter and then expanded to the 
diameter of the vessel. In its expanded configuration, the stent supports and reinforces 
the vessel walls while maintaining the vessel in an open, unobstructed condition. 

10 Stents are available in both self-expanding and inflation or balloon 

expandable configurations. Inflation expandable stents are well known and widely 
available in a variety of designs and configurations. Both self-expanding and inflation 
expandable stents are typically crimped to their reduced configuration after being 
disposed about a delivery catheter. They are maneuvered to the deployment site and 
1 5 expanded to the vessel diameter either by fluid inflation of a balloon positioned between 

the stent and the delivery catheter, or upon release of the self-expanding stent from its 
crimped state, typically from a retaining sleeve. 

Stents that are not properly secured or retained to the catheter may slip 
and either be lost or be deployed in the wrong location or partially deployed. Therefore, 
20 . it is important that they be properly secured to or retained on or about the catheter. In 
securing a stent to a catheter, however, the stent must be crimped in such a way as to 
minimize or prevent altogether distortion of the stent and to thereby prevent abrasion 
and/or reduce trauma of the vessel walls. 

Devices for reducing the diameter of stents are generally known, such as 
25 described in US 6360577 to Austin, the entire disclosure of which is incorporated herein 
by reference. 

Self-expanding stents offer some unique challenges when being loaded 
on a catheter in part because they have a tendency to open of their own volition at 
ambient conditions. Thus, it is common practice when loading a self-expanding stent 
30 onto a catheter, to constrain only one half of the length of a strut at one time. This is 
more time and labor intensive because it requires reducing the diameter of the stent a 
little bit of the stent at a time. 

It would be desirable to be able to crimp a stent in sections of varying 
diameter depending on how one would desire the stent to deploy. 
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There remains a need in the art for a crimping device that provides more 
flexibility during the crimping process. 

SUMMARY OF THE INVENTION 

5 It would be desirable to produce a device capable of crimping a stent 

while minimizing the distortion of, and scoring and marking of the stent due to the 
crimping. The present invention is directed, in at least one aspect, to that end. 

The present invention relates generally to an apparatus and method for 
reducing an article, such as a medical device, in size. Suitable medical devices include 

1 0 stents, stent-grafts, grafts, vena cava filters and the like, whether self-expandable or 

balloon expandable or otherwise expandable, although the apparatus may also be 
employed with any other suitable, generally tubular medical devices which must be 
reduced in size. Thus, the apparatus described herein may be used to reduce the size of 
any suitable expandable medical device. 

15 It is further understood that the invention contemplates crimping a 

medical device either directly to or about a catheter tube or to a catheter balloon which is 
disposed about a catheter tube. When reference is made to crimping a medical device 
about a catheter, a balloon may be situated between the medical device and the catheter 
tube or the medical device may be disposed directly about a region of a catheter tube. 

20 The invention also contemplates crimping a stent in the absence of a catheter. 

The apparatus according to the present invention is designed for applying 
inward or constraining forces to a medical device. In its simplest form, the apparatus 
includes at least one independently operable crimping section, each section further 
including at least three movable blades. The blades may be arranged to form an aperture 

25 or chamber whose size may be varied by moving the blades. The blades are further 

pivotally connected to a rotatable mount. Rotation of the mount may cause a change in 
the size of the chamber. 

The mount may allow for very thin crimping sections of as little as about 
1-2 mm in width. 

30 In another embodiment, the apparatus includes at least two independently 

operable, discrete crimping sections. Such a device allows for crimping of a medical 
device such that it has varying diameters along its length. 

In another embodiment, the apparatus includes at least three 
independently operable discrete crimping sections. 
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The device may include as many as 40-80 independently operable 
discrete crimping sections. 

Desirably, when the apparatus comprises multiple crimping sections, 
each section has a thickness or width of about 1-2 mm. 

5 Each section may have its own actuation or drive device which is capable 

of rotating the mount or otherwise causing the blades to move, thereby altering the size 
of the chamber. In some embodiments, multiple crimping sections may be arranged to 
be driven by a common drive device. 

In one embodiment, the drive device is pneumatic. A pneumatic drive 
1 0 device may be beneficial and superior to other drive devices when crimping medical 
devices at cryogenic temperatures. 

In one embodiment, the device includes at least three independently 
operable crimping sections, each crimping section further including a mount and at least 
three blades arranged to form a chamber whose size may be varied. Each section may 
15 be in communication with an actuation device which is capable of causing the mount 
and blades to move such that the size of the chamber is altered. Each section may have 
its own actuation device. Each crimping section may form a separate chamber, and each 
section may be independently driven such that the chambers of each section may , 
increased and/or decreased independently of one another. Thus, the apertures of the 
20 independent sections may be controlled such that various cross-sections of the resultant 
crimped stent have different diameters. 

Any type of actuation device known in the art may be employed herein. 
Actuation of the independent sections may be accomplished by hand, or the sections 
may be automatically actuated, such as by a control system. Actuation devices may 
25 include any combination of motors such as electric motors, gear systems such as spline 
gears, belts, frictional methods using rubber strips, magnets with linear induction motors 
or magnets with direct-current gearhead motors, tabs for manual drives, pneumatic 
actuation devices, air compressors, and so forth. The use of separate sections allows for 
different sections of the medical device to be independently crimped resulting in a 
30 medical device with a cross-section which may vary in one or more portions of the 
medical device. 

In one embodiment, each crimping section may include a mount or 
retaining ring, to which each of a plurality of blades may be pivotally mounted. The 
blades may be arranged to form a chamber. Each blade may further include an aperture 
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or slot of a predetermined size which may be arranged to receive a blade constraining 
member. The mount may be rotated while the blade constraining member remains 
stationary. Each blade may receive a separate blade constraining member. Upon 
rotation of the mount, the pivot point of each blade may translocate with the mount. The 
5 interaction of each blade with the blade constraining member causes each blade to pivot 
about its pivot point to vary the size of the chamber. The bounds of the aperture or slot 
may determine the travel path of the blade, and the maximum and/or minimum chamber 
size. Thus, changing the length of the slot may change the amount of allowable blade 
movement and mount rotation, as well as the maximum and/or minimum chamber size. 

10 

The mount may be actuated using any means known in the art. Motors 
such as electric motors may be employed or manual actuation may be employed. The 
actuation device may include a spline gear. In such an embodiment, each crimping 
section has a set of teeth which mesh with the spline gear. 

15 Cam gear systems may be employed. These types of systems are 

described in commonly assigned US Patent 6360577, which is incorporated by reference 
herein in its entirety. 

Pneumatic actuation devices are described for use in US 5752405 which 
is incorporated by reference herein in its entirety. 

20 Yet another embodiment may include friction contact drive rollers in 

which the outer surface of the crimping section may incorporate a strip of rubber. 

In yet another embodiment, magnets may be employed in combination 
with linear induction drive motors. This embodiment offers the advantage of being 
frictionless as well as having no bearings resulting in very smooth motion. 

25 Other systems include belt-driven systems, and tabs where manual 

operation may be used. 

In any of the above embodiments, each section may be manually driven, 
or may be driven by use of electric motor(s), air cylinder(s), pneumatic screw(s), and so 
forth. Each crimping section may have its own motor, air cylinder, pneumatic screw, 

30 and so forth. 

Using the device according to the present invention, a medical device 
may be reduced in size by placing it in the aperture formed by the blades, and then 
moving the blades such that an inward force is applied to the device. In some 
embodiments, each blade may apply a substantially equal amount of force to a medical 
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device. As noted above, the blades are moved inward either manually, or by the use of a 
suitable actuation device. 

Independent crimping sections which are independently operable allow 
an operator to selectively and independently crimp and/or release specific areas of a 
5 medical device being shaped, and allow for variable pressure to be applied to different 
sections of the medical device, and for the diameter of the medical device to be more 
readily varied. Thus, it is within the scope of the invention to crimp a stent, for example, 
by placing it in the device, and crimping to a smaller diameter at each end than in the 
middle. In such an embodiment of the invention, the end sections of the device may be 
10 operated to produce smaller apertures. A fiulher benefit of having independently 
operable sections is that the entire medical device does not have to pass through an 
entire iris with a single diameter, as in prior art devices, a benefit which is even more 
notable for medical devices which have drug coatings which could otherwise be marred 
or scraped off the stent. For examples, sections of the crimper may be opened 
15 sequentially to facilitate removal of the stent fi'om the crimper. 

Each section may further be coupled with its own actuation device, or a 
single actuation device may be designed to independently control each crimping section. 
Suitable actuation devices include any known to those of skill in the art including hand 
operated actuation devices as well as automatic actuation devices including motors and 
20 gear systems. In one embodiment, independent electric motors are in communication 
with each crimping section. 

In various embodiments, the inventive device may also be used as a 
variable size and/or variable shape balloon mold. Thus, the invention is further directed 
to a method of forming a medical balloon. 

25 The invention is also directed to a method of meinipulating a medical 

device which includes the steps of providing a medical device and providing at least two 
crimping sections, each section including at least three blades capable of applying an 
inward force. The blades are disposed about a reference circle to form a shrinkable 
aperture. A medical device such as a stent, is placed into the shrinkable aperture of each 
30 crimping section, and the blades from each crimping section are simultaneously moved 
inward to apply a radial inward force to the medical device. Each section may, however, 
be independently actuated and controlled such that the blades fi'om one crimping section 
may or may not simultaneously move with the blades from another crimping section. 
Thus, different parts of the medical device may be crimped to the same or different 
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diameters at the same or different times. The crimping sections are suitably configured 
and arranged such that the aperture is substantially continuous. 

There is no minimum constraint on how narrow each section may be. For 
example, each section may be the same width as a strut of the stent, but there is not 
5 limitation as to what the width of each section may be. 

The inventive apparatus may also be used as a variable size balloon mold. 
To that end, the invention is further directed to a method of molding a medical balloon. 
In the practice of the method, a balloon preform prepared through any suitable technique 
known in the art is provided. The preform is placed in an apparatus which has a 
10 shrinkable tubular aperture formed by at least three movable blades disposed about a 
reference tube. The aperture may be set to a predetermined size prior to placement of 
the preform therein or after placement of the preform therein. An inflation fluid is 
supplied to the balloon preform to expand the balloon preform imtil it contacts the 
blades. The preform may optionally be heated prior to, during or after the blowing step. 
15 The thus formed balloon is then pressure relieved and removed from the apparatus. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of an embodiment of the inventive 
crimping device. 

20 Figure 2 is an exploded view of an embodiment of the inventive crimping 

device. 

Figures 3 and 4 show an embodiment of a blade. 

Figure 5 is an elevational view of an embodiment of the inventive 
crimping device having a first chamber configuration. 

25 Figure 6 is an elevational view of an embodiment of the inventive 

crimping device having another chamber configuration that is more closed than the 
chamber shown in the embodiment in Figure 5. 

Figure 7 illustrates the movement of a blade as the chamber size is varied. 
Figure 8 shows another embodiment of the device having multiple 
30 independently adjustable crimping sections. 

Figure 9 shows another embodiment of the device having a spline gear 

system. 

Figure 10 shows another view of a spline gear system. 

Figure 1 1 illustrates an embodiment having fiictional drive rollers. 
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Figure 12 is an alternative embodiment having frictional slide rollers. 

Figure 13 shows an embodiment of a blade. 

Figure 14 shows another embodiment of the device. 

5 DETAILED DESCRIPTION OF THE INVENTION 

While this invention may be embodied in many different forms, there are 
described in detail herein by way of illustration, specific embodiments of the invention. 
This description is an exemplification of the principles of the invention and is not 
intended to limit the invention to the particular embodiments illustrated. 

10 Any US patents, US applications and all other published documents 

mentioned anywhere in this application are incorporated herein by reference in their 
entireties. 

The term crimping, as used herein, refers to a reduction in size or profile 
of an article, such as a medical device. 

15 In the description that follows it is understood that the invention 

contemplates crimping a medical device either directly about a catheter tube or to a 
catheter balloon which is disposed about a catheter tube. When reference is made to 
crimping a medical device about a catheter, a balloon may be situated between the 
medical device and the catheter tube or the medical device may be crimped to a region 
20 of a catheter tube directly. The invention also contemplates crimping a stent in the 
absence of a catheter to reduce the stent in size. 

Figures 1 and 2 depict an embodiment of a crimping device 10 according 
to the present invention. The device 10 may have a crimping section 15 comprising a 
rotatable mount 21, a plurality of movable blades 20 and at least one blade constraining 
25 member 35. As shown, one blade constraining member 35 is provided for each blade 

20. The mount 21 may be rotatable about a central axis, and may be rotated by a drive 
device 40. The blades 20 may be arranged to form an aperture or chamber 28 having a 
length and cross-sectional area. The blades 20 may be equally spaced about the mount 

21 . Wall surface portions of the blades 20 which bound the chamber 28 may comprise a 
30 contacting surface 32 and may contact an article placed within the chamber 28. Wall 

surfaces or contacting surfaces 32 which bound the chamber 28 may collectively 
comprise an iris. Desirably, an iris is orthogonal to the central longitudinal axis of the 
chamber 28. A zero point may be the center point of an iris. A plurality of zero points 
may lie along the central longitudinal axis of the chamber 28. The central longitudinal 
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axis of the chamber 28 may correspond with the central axis of the mount 21 . In some 
embodiments, a mount 21 may have an annular shape or may comprise a retaining ring. 

The shape of an iris, or a cross-section of the chamber 28, is dependent 
upon the shape of the blades 20. In some embodiments, an iris may be in the shape of a 
5 regular polygon, wherein all sides and all interior angles of the iris are the same. In 
some embodiments, the iris may be a non-regular polygon. In some embodiments, the 
iris may have a curved, non-polygonal shape, such as a circle. 

Each blade 20 may be pivotably secured to the mount 21 at a pivot point 
25. The pivoting axis of each blade 20 may be parallel to the longitudinal axis of the 
10 chamber 28. A fastener 48, such as a pin, screw, bolt or the like may be used to secure a 
blade 20 to the mount 21. 

Figures 3 and 4 show a detail of one embodiment of a blade 20. The 
blade 20 may include a first aperture 50 for receiving a fastener. When secured to the 
mount 21, a blade 20 may pivot about the central axis of the first aperture 50. A blade 
15 20 may include a second aperture 30 for receiving a blade constraining member. In 

some embodiments, the second aperture 30 may comprise a slot or have an elongated 
oval shape. A second aperture 30 may also be provided in other elongate shapes. A 
second aperture 30 is desirably dimensioned to interact with a blade constraining 
member 35 to guide the blade 20 as the mount 21 is rotated. The width of a second 
20 aperture 30 may be slightly larger than the diameter or appropriate width dimension of a 
blade constraining member 35. The length of a second aperture 30 may be substantially 
larger than the diameter or appropriate width or height dimension of a blade constraining 
member 35, as the second aperture 30 may translocate with respect to the blade 
constraining member 35 as the blade 20 shifts position upon rotation of the mount 21. 

25 A blade 20 may further include a notched portion 52. A portion of the 

mount 21 may be oriented within the notched portion 52 when the blade is attached to 
the mount 21, allowing at least a portion of the contacting surface 32 of the blade 20 to 
be located within the internal volume of the mount 2 1 . Thus, at least a portion of a 
chamber 28 formed by a plurality of blades 20 may be located within the internal 
30 volume of the mount 2 1 . 

Referring again to Figures 1 and 2, in some embodiments, a blade 
constraining member 35 may comprise an elongate member, such as a tube or rod. A 
blade constraining member 35 may have any cross-sectional shape, and desirably has a 
curved cross-sectional shape, such as a circle or an ellipse. At least a portion of each 
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blade constraining member 35 may be oriented within a second aperture 30 or slot of a 
blade 20. In some embodiments, a blade constraining member 35 may extend through 
both sides of a blade 20. Desirably, each blade constraining member 35 will remain 
globally fixed in position as the mount 21 and blades 20 shift positions respectively. 

5 Figure 5 shows an embodiment of the device 10 having a first chamber 

28 size with the mount 21 at a first rotational orientation. Figure 6 shows an 
embodiment of the device 10 with the mount 21 at a second rotational orientation, 
wherein the resulting shift blade 20 positions has caused the chamber to change size. A 
reference line 54 is shown on the mount 21 in Figures 5 and 6 to show a change in 
10 rotational orientation. As the mount 21 is rotated, such as by hand or by a drive device, 
the pivot point 25 of each blade 20 displaces with the mount 21. The blade constraining 
members 35 within the second apertures 30 of the blades 20 remain fixed in position and 
therefore bear upon the blades 20, thereby causing each blade 20 to rotate about its pivot 
point 25 and also causing the size of the chamber 28 to increase or decrease according to 
1 5 the direction of rotation of the mount 21. It should be noted that the embodiment of 

Figure 6 includes a blade configuration wherein adjacent blades contact one another, 
while the embodiment of Figure 5 includes blades that do not contact adjacent blades. 
Both embodiments exhibit the desired change in chamber 28 size upon rotation of the 
mount 21, and both are suitable for crimping an article placed within the chamber 28. 

20 Figure 7 illustrates in detail the shift in position a blade 20 may 

experience when the mount 21 is rotated. The pivot point 25 of the blade 20 may 
displace according to the rotation of the mount 21 . As the pivot point 25 of a blade 
displaces, constraining forces applied to the blade 20 by the blade constraining member 
35 cause the blade 20 to pivot about the pivot point 25. The shifted position of the blade 
25 20 after rotation of the mount 21 is shown in phantom lines. 

Each blade 20 may be made of any suitable material including plastics 
and metals. Typically, hard material including hardened steel will be used. Desirably, 
the blades 20 will be made of a material such as zirconia ceramic. Blades 20 made of 
zirconia ceramic may be used without lubrication. Furthermore, because of their low 
30 thermal conductivity, they may be used to create a highly insulated chamber 28 suitable 
for the cryogenic processing of shape memory alloy (SMA) articles, such as stents, at or 
below the martinsitic finish temperature. For example, the chamber may be maintained 
at a temperature of about negative 80" C, and a stent formed of a SMA, such as nitinol, 
may be inserted therein. Upon equilibration of the temperature of the stent, the blades 
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may be moved inward to reduce the diameter of the stent. The stent is thus reduced in 
diameter while being maintained in the martensitic state. In such an embodiment, a 
SMA stent may be disposed between the blades 20, which are cooled by a source of 
cooling fluid. It is possible to also provide a second source of cooling fluid at the 
5 opposite end of the blades as the first source. The cooling fluid may be a liquid 
cryogenic. Exemplary cryogenics include liquid nitrogen, argon or carbon dioxide 
although other cryogens may also be used. The cooling fluid may also be a chilled gas 
such as air. The cooling fluid may also be a cooled inert gas such as nitrogen, argon or 
other inert gasses. This is also described in US 6360577. Other materials which would 
10 be of use in embodiments in which the blades are chilled include Inconel® and the like. 

In various embodiments, each crimping section 15 may include as few as 
three blades 20, and as many as sixteen or more blades 20. The maximum number of 
blades 20 is limited only by the relevant size and strength constraints, as each blade 20 
may be as small as possible while also having the strength to perform a crimping 
1 5 operation without experiencing deformation. In some embodiments the blades 20 may 

be pie-shaped wedges. 

Each crimping section 15 may have a cheunber 28 having a length. The 
length of each chamber 28 may be dependent upon the dimension of the blades 20 along 
the length of the chamber 28, and may range from as small as possible to greater than 
20 the length of a medical device or article being crimped or shaped. For example, the 
length of a chamber 28 may range from less than 1mm to over 20 mm. In some 
embodiments, a chamber 28 may have a length of about 1 mm to about 2 mm. 

Referring to Figure 5, in some embodiments, the blades 20 may be 
disposed about a reference circle 22 to form a chamber 28 whose size may be varied. In 
25 some embodiments, the chamber 28 size may be limited to a maximum size and a 

minimum size. The maximum and minimum sizes of the chamber 28 may be controlled 
by the second apertures 30 of the blades 20. As a mount 21 rotates and the size of a 
chamber 28 is varied, the second aperture 30 of a blade 20 shifts with respect to the 
blade constraining member 35 oriented within the second aperture 30. The blade 
30 constraining member 35 will travel along the length of the second aperture 30. 

Movement of the blade 35 may be stopped if the blade constraining member 35 abuts an 
end of the second aperture 30. Therefore, a first end 56 of the second aperture 30 may 
limit the maximum size of the chamber 28. A second end 58 of the second aperture 30 
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may limit the minimum size of the chamber 28, and in some embodiments, the second 
end 58 may be placed such that the chamber 28 is prevented from fully closing. 

In some embodiments, for example as shown in Figme 6, the blades 20 
may be arranged to contact or be slidably engaged with one another. In such 
5 embodiments, a first blade 20 may include a second aperture 30, and a single blade 
constraining member 35 may be used. Upon rotation of the mount 21, the blade 
constraining member 35 may cause the first blade 20 to pivot about its pivot point 25, 
and the sliding engagement between all of the blades 20 will cause the remaining blades 
to pivot accordingly. 

10 In some embodiments, when the chamber 28 is fully closed, all of the 

blade 20 tips may meet at a zero point or at the central longitudinal axis of the device. 

In some embodiments, a chamber 28 may be open in a first configuration, 
and the mount 21 may be rotated to close the chamber 28. Upon continued rotation of 
the mount 21, a chamber 28 may reopen in another configuration or a second 
1 5 configuration. Each blade 20 may have a first contacting surface 32 which may bound 

the chamber 28 in the first configuration. Each blade 20 may have a second contacting 
surface 34 (see Figure 3) which may bound the chamber 28 in the second configuration. 

Figure 8 shows another embodiment of an inventive device 10 having 
multiple crimping sections 15. As depicted, a first crimping section 15a may include a 
20 fully open chamber 28, a second crimping section 1 5b may include a partially open 
chamber 28, and a third crimping section 15c may have a chamber 28 that is nearly 
closed. Each crimping section 15 may be independently operable, and thus the chamber 
28 size of each crimping section 15 may be opened and/or closed independently from all 
other sections 15. Although the embodiment shown includes spacing between the 
25 individual crimping sections 15, various embodiments may include crimping sections 15 
that are immediately adjacent to one another along the length of the device. 

Each crimping section 15 may include a mount 21 and a plurality of 
blades 20 as previously discussed. As shown, common blade constraining members 35 
extend through each crimping section 15. Each blade constraining member 35 may 
30 extend through one blade 20 of each crimping section 15. In an embodiment wherein 
the blades 20 of each crimping section 15 are slidably engaged with one another, a 
single blade constraining member 35 may be used for all of the crimping sections 15. 
Each crimping section 1 5 may be actuated independently using its own actuation or 
drive device 40. 
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Actuation may be accomplished using any means known in the art 
including manual or automatic actuation. Actuation or drive devices may include, for 
example, motors, gear systems including spline gears, frictional methods such as rubber 
strips, belts, tabs for manual actuation, magnets with linear induction motors which 
5 incorporate bearings for smooth rotation, pneumatic screws, air cylinders, or any 
combination thereof. A drive device 40 may further include linear motors available 
from Anorad Navigation, such as the LE Vacuum Compatible Linear Motor and PCLM 
Piezo Motor models; linear motor tables available from Parker Automation, such as the 
LXR series tables; and walking motor technology, such as PiezoLEGS motors available 
10 from PiezoMotor Uppsala AB, Sylveniusgatan 5D SE-754 50 Uppsala, Sweden. 
PiezoLEGS motors are available is sizes as small as 1 mm in width. In some 
embodiments, drive devices 40 may be suitable for use in nonmagnetic, vacuum and/or 
clean environments, and be insulated against high and low temperatures to which the 
device 10 may be exposed. 

15 Although the device 10 shown in Figure 8 includes 3 independently 

operable crimping sections 15, other embodiments of the device 10 may include 4, 5, 6, 
7, up to 80 or more independently operable crimping sections 15. It is also important to 
note that while the crimping sections 1 5 are desirably independently operable, there may 
be situations under which it is desirable that multiple crimping sections 1 5 operate 
20 together. 

Figure 9 illustrates generally at 1 5 a single crimping section in which a 
drive device 40 includes a spline gear 45 system. The mount 21 may comprise a gear 
and include teeth 42 which fit in corresponding teeth 43 in the spline gear 45. When the 
spline gear is rotated, the mount 21 will rotate. The blades 20 will move pivotally 
25 around their pivot point 25 but are constrained by blade constraining members 35 

inserted through slots 30 in blades 20 as previously discussed. Figure 9 further shows 
the blade constraining members 35 fixed to a stationary mount 60. 

Optionally, the spline gear 45 may be slidably mounted so that it may 
slide along or parallel to the longitudinal axis of the device 10 and engage the other 
30 crimping sections 15 that may be included in the device 10. Figure 10 depicts another 
view showing the teeth 42 of the retaining ring 2 1 in combination with the teeth 43 of 
the spline gear 45, and movement of the spline gear 45. 

Figures 1 1 and 12 illustrate alternative embodiments in which a drive 
device 40 may include friction drive rollers 70. Rollers 70 may be in mechanical 
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communication with the mount 21 of a crimping section 15. As the rollers 70 rotate, 
they may drive one or more of the mounts 21, resulting in a crimping action. The blade 
constraining members 35 shown in Figure 12 again remain stationary or environmentally 
fixed in the embodiment. The rollers 70 may be parallel to and may slide in a direction 
5 parallel to the longitudinal axis of the crimping device. This may simplify the control 
and operation of embodiments having multiple crimping sections 15. 

Any of the embodiments described herein may be used to shape an article 
that may be placed in the chamber 28. Generally, the device may be used for 
manipulating an article and specifically, for applying a radial inward force to an article. 
10 For example, an article may be placed within a chamber 28. If the device includes 

multiple crimping sections 15, the article may be placed within the chambers 28 of the 
multiple crimping sections 15. The mount 21 of each crimping section 15 may be 
rotated independently, causing the blades 20 of each crimping section 1 5 to contact and 
reduce the size of the article. The chamber 28 of each crimping section 15 may be 
1 5 reduced as desired to impart a shape to the article. After shaping, the article may have a 
uniform diameter, or may have a contoured, tapered or undulating shape. 

A reduction in the diameter of an article, such as a stent or other medical 
device, as a result of processing the article using the above-described device 10 may 
occur as part of a precrimping step, or may occur while crimping a stent about a 
20 catheter, and desirably, crimping a stent onto a balloon disposed about a catheter. 

The inventive device 10 may also be used to crimp discrete sections or 
longitudinal portions of an article. For example, the device 10 may be used to crimp 
multiple discrete marker bands which are disposed about a catheter. To that end, the 
invention is directed to a method of crimping marker bands by using the inventive 
25 apparatus to selectively crimp the marker bands. 

In various embodiments, the cross-sectional shape of a chamber 28 may 
be modified by modifying the shape of the blades 20. A contacting surface 32 of a blade 
20 may be shaped to impart a shape to the chjimber 28. 

Figure 13 shows an embodiment of a blade 20 having a contoured 
30 contacting surface 32. The contoured contacting surface 32 may have curvature. As 
shown, a plurality of blades 20 having a contoured contacting surface 32 may form a 
chamber 28 having a circular cross-section during at least a portion of blade 20 travel. 

In some embodiments, all of the blades 20 may have the same shape. In 
some embodiments, some of the blades 20 may have a first shape, while blades may 
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have another shape. In some embodiments, each blade 20 may be shaped differently 
from all of the other blades included in the crimping section 15. The contacting surface 
32 of each blade 20 may be shaped to impart any suitable shape to the cheunber 28. The 
cross-section of a chamber 28 may be a regular polygon, a non-regular polygon, a 
5 curved shape such as a circle or ellipse, or any other suitable shape. 

The contacting surface 32 of a blade 20 may be shaped to impart a shape 
to the chamber 28 as described in US Patent Application 10/788088, the entire 
disclosure of which is incorporated herein by reference. 

Other blade shapes such as those described in commonly assigned US 
10 6360577 incorporated by reference herein, may be employed as well. For example, the 

blades 20 may include a beveled portion or inner end so as to mesh with adjacent blades, 
and an outer end which is displaced from the chamber 28 or iris. The blades 20 may be 
shaped with a curved contacting surface as well to form a chamber having a 
substantially circular cross-section or iris through at least a portion of blade 20 travel. 

15 In an embodiment of the device 10 having multiple crimping sections 15, 

each crimping section 15 may have a chamber 28 having any suitable cross-sectional 
shape. 

Figure 14 shows another embodiment wherein a portion of the blades 20 
may have a planar contacting surface 62, and a portion of the blades 20 may have an 
20 alternately shaped contacting surface 64. The blades 20 having an alternately shaped 
contacting surface 64 may extend a lesser distance toward the central longitudinal axis 
of the device 10. Thus, the blades 20 having a planar contacting surface 62 may contact 
an article placed within the chamber 28 before the blades 20 having an alternately 
shaped contacting surface 64 contact the article. This arrangement may facilitate the 
25 crimping of a stent around an artifact such as a radiopaque marker. This arrangement 
may also facilitate balloon folding when using the device to shape balloons, especially 
when a balloon includes cutting blades, such as the balloons described in US Patent 
Application 10/423598, the entire disclosure of which is incorporated herein by 
reference, as the blades 20 having an alternately shaped contacting surface 64 may apply 
30 less pressure to portions of an article within the chamber 28. 

Any embodiment of the inventive device may also be provided with soft- 
edge blades which may be useful when shaping an article that is fragile or includes a 
coating. A soft-edge blade may have a contacting surface made from a polymeric 
material, or may have a polymeric coating or pad applied to a contacting surface. Any 
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polymeric material may be used, such as nylon, or Delrin® or Teflon® available from 
DuPont. Other examples include elastomers and more specifically block copolymer 
elastomers such as Pebax® available from Elf Atochem, Hytrel® available from 
DuPont, SES, SIS, SBS, SIBS, SEBS or combinations thereof. In some embodiments, a 
5 soft-edge or pad may be made from a silicone rubber suitable for biomedical use, such 
as Silastic® BioMedical Grade Liquid Silicone Rubber available from Dow Coming. 
Desirably, a silicone rubber may have a low durometer hardness of 30A or less, such as 
Silastic® 7-6830, and be suitable for use with the device during warming or cooling as 
herein described. 

10 In some embodiments wherein a blade 20 may include a first contacting 

surface 32 and a second contacting surface 34, a soft-edge or pad may be provided for 
one of the contacting surfaces, or for both contacting surfaces. 

The inventive apparatus may also be incorporated into a blow molding 
tool to provide a variable size balloon mold as described in US 6360577 and US Patent 
15 Application 10/788088. Thus, in various embodiments, the inventive device may be 
used as a variable size and/or variable shape balloon mold. 

A balloon precursor or preform prepared through any suitable technique 
known in the art may provided. The preform, such as a tube or parison, may be placed in 
a chamber 28 or multiple chambers 28, and the chambers 28 may be sized according to 
20 the desired balloon dimensions. Pressurized inflation fluid may be applied to the interior 
of the preform, thus blowing or inflating a balloon. The preform may inflate until it 
contacts the contacting surfaces 32 that form the chamber 28 along the length of the 
device or until a desired shape has been accomplished. The contacting surfaces 32 of 
the blades 20 may contact the balloon, impart the shape of the chamber 28 to the balloon 
25 and restricting the balloon from further expansion. Thus, the inflated shape of the 

balloon may be determined by the shape of the chamber 22. After the balloon is fully 
shaped, the inflation fluid may be removed. The blades 20 may be moved to increase 
the size of the chamber 22, allowing the balloon to be removed. 

The present invention also contemplates a method of reducing the 
30 diameter of an article, such as a stent, in cross-section. The method includes the steps of 

providing a device 10 as herein described for applying an inward force to the article, the 
device 10 including at least two crimping sections 15, each crimping section 15 
including a plurality of blades 20, the blades 20 of each section 15 arranged to form a 
chamber 28; placing an article within the chamber 28 of both sections 15; and actuating 
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each crimping section 15, desirably independently, such that the blades 20 move so as to 
reduce the size of the chamber 28 and apply an inward force to the article. Desirably, 
the device includes three or more crimping sections. 

In some embodiments of the invention, the blades 20 may be actuated by 
5 rotating the mount 21 relative to the blade constraining members 35. Therefore, in some 
embodiments, the mount 21 may be rotated while the blade constraining members 35 
remain fixed in place. In some embodiments, the mount 21 may remain fixed in place 
and the blade constraining members 35 may be rotated. Desirably, when blade 
constraining members 35 may be rotated, they may be rotated about the central axis of 
10 the chamber 28. 

The above disclosure is intended to be illustrative and not exhaustive. 

This description will suggest many variations and alternatives to one of ordinary skill in 
this art. All these alternatives and variations are intended to be included within the scope 
of the attached claims. Those familiar with the art may recognize other equivalents to the 
15 specific embodiments described herein which equivalents are also intended to be 
encompassed by the claims attached hereto. 
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